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PURPOSE: To shrink a bubble in an ink flow path to ensure the removal of the bubble to 
conduct a proper printing by a method wherein bubbles and the like stagnating inside a 
head and a buffer tank are pressurized by a pressurizing pump as well as sucked by a 
suction pump. 1 

CONSTITUTION: When bubbles or the like stagnate inside a head 1, a buffer tank 2, or 
the like, a motor 27 is driven with the head 1 capped with a cap 4 to actuate a 
pressurizing pump 28, and a motor 6 is driven to actuate a suction pump 7. In this 
manner, a pressurizing air is fed from a pressure supply port 24 of the cap 4 to an ink 
tank 3 through a pressure connection port 21, whereby ink in the buffer tank 2 and an 
ink flow path of the head 1 is pressurized. On the other hand, by sucking a nozzle la 
of the head 1 from an ink suction port 22 by the suction pump 7, the pressurized ink 
and bubble in the head 1 are sucked out of the nozzle la to be discharged to a waste 
liquid tank 8. In addition, an ink residual amount sensor 18 stops the drive of the 
pressurizing pump 2 8 when detecting the exhaustion of ink in the path from the ink tank 
3 to the buffer tank 2 .<* ) < , . - rn+A .r 



3 to the buffer tank 2. 
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Zi 1 

Specification 

1 . Title of the invention 

Ink jet printer 

2. Patent Claim 

An ink jet printer with the following characteristics: In an 
ink jet printer which possesses a head that jets an ink onto a 
paper based on a certain drive signal and a cap which caps said 
head during the non-printing mode of said head and wherein an ink 
tank into which an ink of a certain color is scheduled to be 
filled is connected to the aforementioned head via a buffer tank, 

A discharge valve which is connected to the aforementioned 
buffer tank and which discharges air and an overflow ink into an 
effluent tank, 

A compressive pump which feeds compressed air into the 
aforementioned ink tank, 

A suction pump which is connected to the aforementioned cap 
and which suctions the ink flowing out of the aforementioned head 
during the compressive action of the aforementioned compressive 
pump , and 



1 Numbers in the margin indicate pagination in the foreign 
text . 



An ink remaining balance sensor which is configured between 
the aforementioned compressive pump and the aforementioned buffer 
tank 

Are additionally configured. 

3 . Detailed explanation of the invention 

(Industrial application fields) 

The present invention concerns an ink jet printer which 
serves a printing function by jetting an ink toward a paper from a 
head, and in particular, it concerns an ink jet printer which 
ensures the removal of bubbles which have strayed into an ink flow 
path. 

(Prior art) 

Generally speaking, ink jet printers which render certain 
printing actions, via the nozzles thereof, onto papers by jetting 
inks fed into the heads thereof are being used frequently for 
reasons of their minimal noise generation tendencies, etc. 

Figure 5 shows an outline of such an ink jet printer of the 
prior art, where the ink tank (3), into which an ink is scheduled 
to be filled, is connected, via the buffer tank (2), to the head 
(1) , which is mounted on a carriage not shown in the figure and 
which possesses a nozzle (not shown in the figure) at the distal 
end thereof. These components are mounted respectively on a 
carriage . /2 



The cap (4) , which caps the aforementioned head (1) during 
the non-printing mode, furthermore, is configured at a position 
corresponding to the standard position of the aforementioned head 
(1) , whereas an ink suction gate (not shown in the figure) which 
is connected to the nozzle of the aforementioned head (1) is 
formed on said cap (4) . The suction pump (7) , the action of which 
is invoked by the motor (6) , is connected to the aforementioned 
cap (4) via one anti-back-flow valve (5), whereas the effluent 
tank (8) is connected to said suction pump (7) via another anti- 
back-flow valve (5) . 

As far as the aforementioned ink jet printer of the prior art 
is concerned, an ink jetting mechanism (not shown in the figure) 
of the aforementioned head (1) is activated based on a certain 
print signal, and an ink of a certain color which has been fed 
from the aforementioned ink tank (3) via the buffer tank (2) is 
jetted toward a paper, as a result of which the desired printing 
action becomes invoked. 

Upon the completion of the printing action, the 
aforementioned carriage is returned to the specified standard 
position, whereas the aforementioned head (1) becomes capped with 
the aforementioned cap (4) at said standard position, as a result 
of which the dryness, etc. of the ink of the ink nozzle of the 
aforementioned head (1) can be prevented. 

In a case where bubbles become^t^apped in the interior of the 
aforementioned head (1) and/or the interior of the buffer tank 
(2), furthermore, the action of the suction pump (7) is invoked by 



driving the motor (6) in a state where the aforementioned cap (4) 
is ON, as a result of which bubbles, etc. become suctioned from 
the nozzle of the aforementioned head (1) , and both the ink and 
bubbles within the head (1), etc. are removed and then discharged 
into the effluent tank (8) . 

Figure 6 shows an outline of another ink jet printer of the 
prior art, where the suction pump (7) is connected to the buffer 
tank (2) via the ant i -back- flow valve (5) . 

As far as this ink jet printer of the prior art shown in 
Figure 6 is concerned, in a case where bubbles, etc. have become 
trapped in the interior of the aforementioned head (1), etc., the 
suction pump (7) is activated, as a result of which the bubbles, 
etc. become suctioned via the nozzle of the aforementioned head 
(1), and at the same time, the bubbles, etc. are removed from the 
buffer tank (2) side as well, as a result of which both the ink 
and bubbles within the head (1), etc. are removed and then 
discharged into the effluent tank (8) . 

(Problems to be solved by the invention) 

As far as the respective ink jet printers of the prior art 
discussed above are concerned, however, the bubbles, etc. in the 
interior of the head (1) are scheduled to become removed based on 
the suction of the aforementioned head (1) by activating the 
suction pump (7), and therefore, the ink flow path becomes clogged 
as a result of the expansion of the aforementioned bubbles by the 
negative pressure that becomes generated during the aforementioned 



suction, as a result of which it becomes impossible to suction the 
ink and bubbles smoothly, which is problematic in that the bubbles 
cannot be completely removed. For this reason, it is impossible 
to invoke an appropriate ink jetting action from the head (1), 
which is problematic in that printing defects are in turn 
incurred. 

The objective of the present invention, which has been 
conceived in response to the aforementioned problems, is to 
provide an ink jet printer which is capable of assuredly removing 
bubbles from an ink flow path and of rendering an appropriate 
printing action. 

(Mechanism for solving the problems) 

In order to achieve the aforementioned objective, the ink jet 
printer of the present invention is characterized as follows: In 
an ink jet printer which possesses a head that jets an ink onto a 
paper based on a certain drive signal and a^cajD which caps said 
head during the non-printing mode of said head and wherein an ink 
tank into which an ink of a certain color is scheduled to be 
filled is connected to the aforementioned head via a buffer tank, 
a discharge ^ val ve which is connected to the aforementioned buffer 
tank and which discharges air and an overflow ink into an effluent 
tank, £a^_con pr^s^ iye pumpy which feeds compressed air into the 



aforementioned ink tank, fasuction pumpjwhich is connected to the 



aforementioned cap and which suctions the ink flowing out of the 
aforementioned head during the compressive action of the 




aforementioned compressive pump, and an ink remaining balance 
sensor which is configured between the aforementioned compressive 
pump and the aforementioned buffer tank are additionally 
configured. 

(Functions) 

Based on the aforementioned constitution of the present 
invention, in a case where bubbles, etc. have become trapped in 
the interior of the head and/or interior of the buffer tank, etc., 
c ompre ssed__air is pumped into the ink tank by activating the 
compressive pump, as a result of which the inks within the buffer 
tank and the ink flow path of the head become compressed., and 
since the bubbles within the ink flow path become^^^ a 
result of this compression, the congestion of the ink flow path by 
the bubbles can be prevented, and the ink can be induced to flow 
smoothly. Since the head is suctioned by activating the suction 
pump, on the other hand, the ink and /3 
bubbles compressed within the head become suctioned via the nozzle 
and discharged into the effluent tank, and since the bubbles can 
assuredly be removed, the ink can be optimally jetted, and the 
printing quality can be improved. 

Upon the detection of the exhaustion of the ink within the 
ink tank and buffer tank by the ink remaining balance sensor, 
furthermore, the drive of the compressive pump is terminated, and 
the compressive action is stopped, based on which the pumping of 
an excess of air into the buffer tank can be prevented. 



(Application examples) 

In the following, the present invention will be explained 
with reference to an application example shown in figures. 

Figure 1 instantiates an application example of the ink jet 
printer of the present invention, where the cylindrical platen 

(10) is configured, in a freely rotatable/drivable fashion, within 
the printer mainframe (9) whereas a pair of guide shafts (11) and 

(11) are configured in front of the aforementioned platen (10) 
along the axial direction of said platen (10) . The carriage (12) 
is configured on the respective guide shafts (11) in such a way 
that it can be displaced back and forth along said guide shafts 

(11) , whereas the hea^d JJL ) for jetting inks of the respective 

colors (e.g., cyan, magenta, yellow, and black) is mounted on said 
carriage (12) . Multiple ink cartridges (3A) , in which the ink 
tanks (3) for feeding the aforementioned inks of the respective 
colors are being housed, are mounted on the aforementioned 
carriage (12), whereas the pump unit (132 for removin 9 bubbles, 
etc. within the ink flow paths from the aforementioned carriage 

(12) to the head (1) is configured on the aforementioned printer 
mainframe (9) . The continuous paper (14) , which has been coiled 
in the shape of a roll, is configured behind the platen (10) of 
the aforementioned printer mainframe (9) , whereas said paper (14) 
is designed to be guided to a certain printing position along the 
outer circumference of the aforementioned platen (10) . 
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Figure 2, furthermore, shows an application example of ink 
^ feedin g and bubble ^ disc harge mechanism s that can be applied to the 
aforementioned ink jet printer, where the buffer tank (2) is 
connected to the aforementioned head (1) via the filters. (15) , 
(15), . .., whereas ink tanks (3), into which the inks of the 
respective colors [e.g., cyan (C) , magenta (M) , yellow (Y) , and 
black (B) ] are designed to be filled, are connected to said buffer 
tank (2). The discharge valves (17), (17..), . .., which are 
positioned in the vicinity of the respective buffer tank discharge 
gates (16), (16)-> . .., are connected to the aforementioned buffer 
tank (2), whereas the ink remaining balance sensors (18), (18:), 
which may, for example, be instantiated by photo 
interruptors, etc. that detect the presence or absence of an ink, 
are orchestrated to intervene between the aforementioned buffer 
tank (2) and ink tanks (3) . The relay unit (2 0) , furthermore, is 
connected to the aforementioned ink tank (3) via the filter (15) 



and thejvalve (19p whereas the compressive connecti on gate (21) 



is connected to said relay unit' (20) via the filter (15). The 
respective components mentioned above are designed to be mounted 
on the aforementioned carriage (12) . 

The side of the aforementioned printer mainframe (9) , on the 
other hand, is blanketed with the aforementioned head (1) , and at 
the same time, the cap (4) , which is connected to the 
aforementioned buffer tank discharge gate (16) and compressive 
connection gate (21) , is concomitantly configured, whereas the ink 
suction gate (22)', which is connected to the nozzle (la) of the 




aforementioned head (1) , the ink discharge gate (23) , which is 
connected to the aforementioned buffer tank discharge gate , (16) , 
and the j^ompres which is connected to the 

aforementioned compressive connection gate (21)., are configured on 
said cap (4) within a virtually singular plane along a direction 
perpendicular to the aforementioned cap (4) . 

The relay unit , which merges the inks obtained from the 

respective ink suction gates (22) of the aforementioned cap (4), 
is connected to each ink suction gate (22) , whereas the suction 
pressure release valve (26) , which can be designated at a position 
connected to the outside, is connected to this relay unit (^5^. 
The suction pump (7) , which is activated by the motor (6) via one 
anti -back- flow valve (5) , furthermore, is connected to the 
aforementioned relay unit (25) , whereas the effluent tank (8) is 
connected to this suction ^ pump (7) via another anti -back- flow 
valve (5) , 

^J Wirive elemen t (not shown in the figure) such as a solenoid, 
etc. for driving a pin (not shown in the figure) for invoking 
ON/OFF actions of the respectiye discharge valves (17) 
/± 

mentioned above in a state where the aforementioned ink discharge 
gate (23) is being connected to the buffer tank discharge gate 
(16) , furthermore, is configured, in a protrudable fashion, in the 
vicinity of the ink discharge gate (23) of the aforementioned cap 
(4) . The aforementioned effluent tank (8) , furthermore, is 
connected to each ink discharge gate (23) . 



The compressive pump (28) , which is activated by the motor 

(27) , is connected to the compressive feeding gate- (24) of the 
aforementioned cap (4) via the filter (15) and either anti-back- 
flow valve (5^) , whereas outer air is designed to become suctioned 
into said compressive pump (28) via the other ant i -back- flow 
valve (5) . Configured between the aforementioned compressive pump 

(28) and the compressive feeding gate (24) of the cap (4), 
furthermore, are the relief valve (29) , which serves a function of 
feeding air into the relay unit (25) at a constant pressure by 
releasing a pressure that represents an excess beyond a certain 
threshold of the compressed air fed via the aforementioned 
compressive pump (28), the_pressur e^ sensor\ j3Q) , which detects the 
pressure of the compressed air pumped by the aforementioned 
compressive pump t28) , and the compression cancellation valve 
(31) , which can be designated at a position connected to the outer 
atmosphere, whereas the outer atmosphere temperature sensor (32), 
which is used for calibrating the pressure variation in response 
to an outer atmosphere temperature [variation] , is additionally 
attached to the aforementioned pressure sensor (30) . 

A constitution wherein the pressure variation in response to 
an outer atmosphere temperature [variation] is calibrated by the 
aforementioned outer atmosphere temperature sensor (32) is shown 
in Figure 3. In Figure 3, the temperature signal processing 
circuit (33), into which the temperature detection signal of the 
aforementioned outer atmosphere temperature sensor (32) is 
designed , to be inputted, and the pressure signal processing 

11 



circuit (34) , into which the pressure detection signal of the 
aforementioned pressure sensor (3 0) is designed to be inputted, 
are configured, whereas the temperature detection signal obtained 
from the aforementioned temperature signal processing circuit (33) 
is designed to be inputted into this pressure signal processing 
circuit (34) . The aforementioned pressure detection signal, 
furthermore, is calibrated by this pressure signal processing 
circuit (34) based on the temperature detection signal obtained 
from the aforementioned temperature signal processing circuit 
(33) . 

^ Th e^ compressive pump control circuit (35), into which the 
calibration signal obtained from the aforementioned pressure 
signal processing circuit (34) is designed to be inputted, is 
additionally configured, and the drive of the motor (2 7) of the 
aforementioned compressive pump (28) is designed to be .controlled 
by this compressive pump control circuit (35) . In other words, as 
Figure 4 shows, the pressure of the aforementioned compressed air 
becomes elevated as the outer atmosphere temperature increases, 
and therefore, in a case where the outer atmosphere temperature is 
characterized by TO > Tl > T2 , for example, the drive voltage of 
the motor (27) of the compressive pump (28) is scheduled to be 
lowered in response to an outer atmosphere temperature gain under 
the control of the aforementioned compressive pump control circuit 
(35) , based on which the compression pressure can be optimally 
controlled in accordance with the outer atmosphere temperature. 
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Next, the functions of the present application example 
characterized by the aforementioned constitution will be 
explained. 

First, as Figure 1 indicates, in a case where an ordinary 
printing action is invoked, the paper (14). is transported to a 
certain printing position by rotating and driving the platen (10) , 
and an ink jetting mechanism (not shown in the figure) such as a 
piezoelectric element, etc. of the aforementioned head (1) is 
activated based on a certain printing signal while the 
aforementioned carriage (12) is being transported along the guide 
shafts (11) , as a result of which an ink of a desired color which 
has become fed from the aforementioned ink tank (3) via the buffer 
tank (2) becomes jetted toward the aforementioned paper (14), and 
the desired printing action is thus invoked. 

Upon the completion of the printing action, furthermore, the 
aforementioned carriage (12) is returned to the specified standard 
position, whereas the aforementioned cap (4) becomes capped onto 
the aforementioned , head (1) at this standard position, based on 
which the dr^ness^etc . of the ink inside the nozzle (la) of the 
aforementioned head (1) can be prevented. Since the head (1) is 
capped with the aforementioned cap (4) in this state, the 
aj£rementi^n£^_dr^ configured in the vicinity of the 

respective ink discharge gates (23) become activated, as a result 
of which the pins stemming from the respective ink discharge gates 
(23) come to protrude toward the respective buffer tank discharge 
gates (16), as a result of which the respective discharge valves 
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(17) become opened. It is thus that aii_^2lcess^o^_a^ and/or 
overflowing inks within the buffer tanks (2) become discharged 
into the effluent tank (8) via the ink discharge gate (23) . 

Tn a case where bubbles^ etc . have become trapped in the 
interior of the head (1) and/or interior of the buffer tank (2) , 
furthermore, the action of the compressive pump (28) is invoked by 

driving the motor (27)' under the pervasion of the state where the 

V 

aforementioned head (1) is being capped by the aforementioned cap 
(4) , and at the same time, the action of the suction pump (7) is 
invoked by driving the motor (6) . 

It is thus thatC compressed air/ becomes pumped into the ink 



tank (3) from the compressive feeding gate (24) of the 
aforementioned cap (4) via the compressive connection gate (21) , 
as a result of which the inks within the ink flow paths of the 
buffer tank (2) and head (1) become compressed. As a result of 



this compression, furthermore, t he bubb leg within the ink flow 
path become /5 

contracted, and since the congestion of the ink flow path by the 
bubbles can be 'prevented, the ink can be induced to flow smoothly. 

"5$ The nozzle (la) of the head (1) , on the other hand, becomes 
suctioned by the aforementioned suction pump (7) via the ink 
suction gate (22) , as a result of which the compressed ink and 
bubbles within the head (1) become suctioned v;La the nozzle (la) 
and then discharged into the effluent tank (8) . 

In a case where the action of the aforementioned compressive 
pump (28) is invoked, the pressure ascribed to the compressive 
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pump (28) is detected by the pressure sensor (30) , and at the same 
time, the outer atmosphere temperature is detected by the outer 
atmosphere temperature sensor (32) , whereas the drive of the motor 
(27) of the aforementioned compressive pump (28) is controlled 
based on the pressure detection value calibrated by said outer 
atmosphere temperature, by virtue of which the compression 
magnitude can be maintained at a constant lev el in response even 
to the volume variation of the ink tank (3) or to an outer 
atmosphere temperature variation. In a case where the pressure of 
the compressed air has exceeded a certain threshold, furthermore, 
the excess of air is designed to be released via the relief valve 
(29) , based on which the compression magnitude can perpetually be 
maintained at a constant level. 

Upon the exhaustion of the ink filled into the ink tank (3) 
as a result of the compression of the aforementioned compressive 
pump (28) , furthermore, the aforementioned ink remaining balance 
sensor (18) detects the 



Repletion 



of the ink in-.between the ink 



tank (3) and buffer tank (2), based on which the ^drive of the 
aforementioned compressive pump (28) is terminated, and the 
compressive action is stopped, followed by the supplementation of 
the ink into the ink tank (3) . It is thus that the pumping of an 
excess of air into the buffer tank (2) can be avoided. 

Thus, as far as the present application example is concerned, 
the compression of the compressive pump (28) is complemented by 
the suction of the suction pump (7) in the context of removing 
bubbles within the ink flow path, and therefore, the bubbles can 
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assuredly be removed without entailing the hindrance of the ink 
flow, which is in turn attributed to the congestion of the ink 
flow path as a result of the expansion of the bubbles. As a 
result, it becomes possible to jet the ink from the head (1) 
optimally, and the printing quality can be improved. 

The compression ma g nitude can, furthermore, be controlled at 
a comst^an^ by the pressure sensor (30) during the 

compression by the compressive pump (28) , and therefore, even in a 
case where a pressure which exceeds a certain threshold has become 
impressed, the excess of the pressure can be released via the 
relief valve (2 9) , based on which the compression magnitude can 
perpetually be controlled at a constant level. The pumping of the 
excess of air into the buffer tank (2), f urthermbre, • is assuredly 
prevented by the aforementioned ink remaining balance sensor (18) . 

Since the ON/OFF actions of the discharge valves (17) of the 
buffer tank (2) are invoked by drive elements configured on the 
cap (4) side, furthermore, there is no need to use an expensive 
electromagnetic valve as the aforementioned discharge valves (17) , 
and accordingly, the same can be inexpensively manufactured. 
Since the ink suction gate (22), ink discharge gate (23), and 
compressive feeding gate (24) are formed within a singular plane 
of the aforementioned cap (4) , furthermore, the structure of said 
cap (4) can be considerably simplified, and its production can be 
facilitated; moreover, the space efficiency can be improved. 
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Incidentally, the present invention is not limited to the 
aforementioned application example, and various modifications may- 
advent it iously be made, if necessary. 

(Effects of the invention) 

As the foregoing explanations have demonstrated, as far as 
the ink jet printer of the present invention is concerned, the 
compression of a compressive pump is complemented by the suction 
of a suction pump in the context of removing bubbles within ink 
flow paths, and therefore, the bubbles can assuredly be removed 
without entailing the hindrance of the ink flow, which is in turn 
attributed to the congestion of the ink flow path as a result of 
the expansion of the bubbles. As a result, it becomes possible to 
jet the ink from the head optimally, and the printing quality can 
be improved. Upon the detection of the depletion of the ink in- 
between the ink tank and buffer tank by an ink remaining balance 
sensor, furthermore, the drive of the compressive pump is 
terminated, and the compressive action is stopped, based on which 
the pumping of an excess of air into the buffer tank can be 
avoided. 

4 . Brief explanation of the figures 

Figure 1 is a diagram which shows an oblique view of an 
application example of the ink jet printer of the present 
invention, whereas Figure 2 is a block diagram which shows ink 
feeding and bubbles removal mechanisms that can be applied to the 
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printer shown in Figure 1, whereas Figure 3 is a block diagram 
which shows a pressure -temperature calibration control circuit for 
the . /6 

compressive pump shown in Figure 2, whereas Figure 4 is a graph 
which shows the relationship between the pressure variation that 
dovetails an outer atmosphere temperature variation and the 
compressive pump drive voltage, -whereas Figure 5 is a block 
diagram which shows an ink jet printer of the prior art, whereas 
Figure 6 is a block diagram which shows another ink jet printer of 
the prior art . 

(1) : Head; (2) : Buffer tank; (3) : Ink tank; (3A) : Ink 
cartridges; (4) : Cap; (7) : Suction pump; (8) : Effluent tank; (12) : 
Carriage; (16) : Buffer tank discharge gate; (17) : Discharge 
valves; (18) : Ink remaining balance sensor; (21) : Compressive 
connection gate; (22) : Ink suction gate; (23) : Ink discharge gate; 
(24) : Compressive feeding gate; (28) : Compressive pump; (29) : 
Relief valve; (30) : Pressure sensor; (32) : Outer atmosphere 
temperature sensor. 
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Figure 3 

[(28): Compressive pump; (33): Temperature signal processing 
circuit; (34) : Pressure signal processing circuit; (35) : 
Compressive pump control circuit] 



Figure 4 



[(1): Voltage; (2): Pressure] 
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